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this  la  a  tftlk  to  bo  dollvorod  boforo  tho  Sooond 
Katlonal  Sjnapoalisa  on  SLaulation  Proooaaos,  Chloago,  Illinois, 
on  Pobruarjr  3,  1959. 

4t  Is  ftorotoft  to  «n  analysis  of  tho  qualities  roquiroft 
for  tho  ouoooftsful  oonfttruotlon  of  nathoaatloal  nodols  of 
oooaoado,  payohologloal,  and  nllitaxy  proooaaos,  and  to  a 
dissuasion  of  Htajr  tho  uniToraltloa  hart  alnost  ooaplotoly 
fall oft  In  tho  job  of  turning  out  pooplo  possessing  thoao 
qualltloo.  ( 
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SIMULATION  AMO  STIMULATION 
Richard  Bellman 

The  function  of  the  keynote  speaker  la  to  f iifajgHifefc* 
proceedings  on  a  high  level.  In  so  doing#  It  Is  not  absolutely 
necessary  that  anything  of  substance  be  said#  and  this  polio/ 
possesses  the  additional  merit  of  not  stealing  any  of  the  lines 
of  the  following  speakers. 

pursuant  to  this  tradition,  I  would  like  to  stats  that  I 
am  against  sin  and  high  taxes#  and  for  motherhood — although , 
perhaps  not  precisely  In  this  order. 

Nevertheless,  in  violation  of  the  existing  gentleman's 
agreement,  I  would  like  to  discuss  some  matters  of  substance. 

In  so  doing,  I  shall  make  sons  controversial  statements,  and 
in  the  course  of  this  pleasant  occupation#  make  some  un¬ 
pleasant  remarks.  Naturally#  I  would  prefer  to  make  only  the 
most  laudatery  remarks,  but  occasionally  there  is  not 
sufficient  opportunity  to  indulge  in  this  pastime. 

What  motivates  much  of  what  follows  is  the  fairly 
generally  accepted  statement  that  not  only  does  life 
influence  art,  but  perhaps  even  more  strongly  in  some  areas# 
art  influences  life. 

My  application  of  this  dinner  table  philosophy  was#  Z 
thought,  new.  As  a  result  of  a  fortunately  brief  Af^r  career# 
I  cams  to  the  oonoluslon  that  the  behavior  of  Army  sergeants 
was  to  a  large  part  inspired  by  the  movies  they  had  seen. 
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Sergoent  Flagg  of  "What  Price  010x7,”  u  personified  b 7  Victor 


I  cherished  this  theory,  and  expressed  It  often.  As  a 
theory  it  was  heady  and  exhilarating,  far  more  fascinating 
than  any  pro  sale  fact.  A  bland  enunciation  of  a  deadly  objeot 
such  aa  a  fact— "The  noon  la  240,000  miles  away"— is  digested 
and  accepted,  This  prooess  generally  oasts  a  pall  over  the 
conversation.  But  a  theory,  particularly  an  undocumented  or 
undo oument  ab 1 e  one,  stimulates  attack  and  rebuttal— life 
becomes  Interesting. 

Imagine  then  my  consternation  to  find  that  my  theory  had 
a  factual  baaisi  The  discovery,  like  most  discoveries,  oame 
about  quite  by  aooldent.  In  oonmeotion  with  an  OR  conference, 
I  found  myself  sitting  next  to  a  movie  mogul,  a  vice-president 
of  one  of  the  major  studios.  After  listening  patiently  to  a 
half-hour  recital  of  the  parking  and  traffic  difficulties  of 
Beverly  Hills,  I  broke  in  to  expound  ay  theory.  I  expected 
debate,  defense,  at  least  disbelief.  Instead  of  which,  this 
Colossus  of  Hays  Codes  nodded  his  head  in  complete  agreement, 
and  proceeded  to  inform  me  that  the  Mar  Department,  early  in 
World  war  II,  had  sent  letters  to  all  the  major  studios  asking 
them  to  change  the  characterisation  of  an  Army  sergeant  from 
that  of  a  dyspeptic  overseer  on  an  antebellum  plantation  to 
that  of  a  Scoutmaster. 

80  much  for  a  cherished  theory.  I  have  never  expounded 
the  theory  since— It  Is  toe  well  documented t 
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Th«  connection  of  oil  of  thin  with  tho  lt\4jr  of  >!—■' 
lotion  proeooooo  lo  not  too  difficult  to  noko.  What  Z  on 
saying  lo  thot  tho  typo  of  nodol  of  tho  physical  world  thot 
lo  constructed  lo  detemlned  bp  tho  oolontlflo  t mining  ond 
philosophy  of  tho  nodol-nokor.  Thle,  In  turn,  lnfluonooo  to 
o  groot  oxtont  tho  typo  of  onowor  thot  tho  nodol  yields,  ond, 
to  o  for  grootor  oxtont,  tho  Interpretation  of  thooo  onoworo. 

Wo  know  by  now  thot  thoro  oro  no  orltiool  oxporlaonto, 
only  orltiool  oxporlnontoro .  Tho  history  of  oolonoo  lo 
roploto  with  examples  of  oonploto  disregard  of  doto  ond 
moults  unfavorable  to  pot  thoorlos. 

It  follows  thot  if  wo  oro  lntorostod  In  furthorlng  tho 
art  of  slnulotlon,  if  wo  on  doslreus  of  using  this  supplo  ond 
versatile  tool  to  onolyso  ond  rcsolvo  tho  foselnotlng  and 
significant  problons  of  tho  world  around  ns,  than  wo  oust  Tory 
critically  oxonlno  tho  pooplo  who  will  uso  thooo  tochnlquos . 

As  pooplo,  they  am  products  of  tho  entire  society;  os 
professional  pooplo,  they  am  products  of  our  colleges  ond 
universities.  It  follows  thot  if  wo  wish  to  understand  tho 
psychologies  and  philosophies,  and  ultlaotely  tho  thoorlos  sad 
moults,  of  those  researchers,  wo  nust  oxonlno  their  intellec¬ 
tual  training. 

Before  doing  this,  ond  la  order  to  sot  up  on  appropriate 
yardstick,  lot  us  say  a  few  words  about  why  roaoaroh  oast  bo 
ooadueted  In  tho  field  of  slatulotlon,  sad  about  the  qualities 
that  am  needed  to  conduct  this  research. 
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Let  us  begin  with  tha  concept  of  a  aathcaatloal  nodal  la 
tha  physical  sciences.  It  Is  wall  to  da  this  sine a  for  aany 
a  jrsar  tha  very  nodal  of  modern  rasaareh  has  baan  tha  nathe- 
aatleal  physicist.  His  sueoass  in  a  wlda  area  has  so 
bedasaled  tha  workers  in  other  fields  that  It  Is  now  widely 
aoeepted  that  tha  road  to  solentiflo  raspaotabllity  in  these 
fields  is  of  neoe salty  paved  with  aathaaatloal  aquations. 

The  ware  tables,  tha  wore  oharte,  tha  sore  statistics*,  tha 
greater  the  aura  of  shl nearing  TROTH. 

Whereas  It  was  onoe  said  that  nan  is  tha  aeasure  of  all 
things,  in  tha  social  sclanoas  it  Is  now  nn—nnlj  held  that 
all  things  are  to  be  used  to  aeasure  nan. 

The  aathod  that  the  physical  scientist  uses  is  a  simple 
one.  This  is  not  to  say  that  it  is  a  natural  one,  or  a 
logical  on a.  It  was  not  so  long  ago  that  it  was  considered 
iaplous  to  confront  a  theory  with  a  fact,  and  there  are  still 
parts  of  tha  world,  sons  not  as  reaote  as  we  would  like  to 
believe,  where  inconvenient  facts  are  suan&rlly  rejected. 

To  study  a  phenomenon,  we  sat  up  certain  slaple  hypotheses 
concerning  fundamental  effeots.  These  slaple  hypotheses  are 
translated  into  aathaaatloal  equations,  usually  considerably 
less  sl^le.  Thus,  one  set  of  experimental  data  leads  to 
nuorell's  equations,  another  bold  extrapolation  produces  the 
Sehrtfdlnger  equation. 


nude  Twain  once  said  that  there 
lies,  daan  lies,  and  statistics. 


were  three  kinds  of  Host 
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Ihe  solutions  of  these  equations  yield  certain  predictions 
concerning  tho  behavior  of  various  physical  systems.  When 
thoso  predictions  are  cohered  with  actual  behavior,  the 
trouble  starts. 

naturally,  predicted  behavior  will  never  scree  exactly 
with  observed  behavior.  It  is  up  to  us  to  deoide  whether 
these  discrepancies  are  "experimental  errors" — a  most  useful 

•  ’  to\  j; 

phmsrs  Sf  inadequacies  of  our  initial  assunptlons. 

...  flirt S 

these  are  natters  of  extreme  delicacy  and  in  many  significant 
instances  settled  on  purely  emotional  grounds. 

If  we  feel  that  the  errors  are  bearable,  we  use  the  theory 
for  further  predictions  until  it  breaks  down  completely.  At 
this  point  we  construct  a  new  mathematical  model. 

unfortunately,  there  are  many  important  areas  in  which 
this  elegant  and  effective  method  is  stymied.  Sometimes,  we 
cannot  make  reasonable  hypotheses  concerning  cause  and  effect j 
sometimes,  crucial  data  is  unobtainable,  or  crucial  experi¬ 
ments  non-existent. 

This  is  particularly  the  case  in  the  seolal  sciences 
where  human  beings  play  a  dominant  role.  Despite  seme  of  the 
best  and  determined  efforts  of  professional  educators  and 
professional  agitators,  the  human  organism  oentinuss  to  escape 
the  narrow  constraints  of  rigid  behavior. 

this  pemlcketlness  of  the  human  soul  is  viewed  with  a 
certain  amount  of  sorrow  in  some  quarters.  It  invalidates 
elegant  utility  functions,  nonllnearlses  equations,  introduces 
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stochastic  effects,  and  generally  dees  to  shiny  mathematical 
models  what  a  saall  boy  teas  to  a  now  pair  of  shoos. 

Since,  however,  It  is  ossontlal  that  we  undorstand  the 
behavior  of  systems  with  human  components,  wo  must  oaploy 
different  techniques.  It  is  in  this  way  that  simulation  pre- 
oossos  oeoupy  a  fundaaontal  role  in  tho  social  soisneos. 

To  explain  this  in  any  detail  would  take  up  too  much 
tine,  invade  tho  domains  of  subsequent  speakers,  and,  in  any 
ease,  prevent  one  froa  uttering  the  unpleasant  controversial 
remarks  which  follow.  As  I  stated  before,  I  greatly  regret 
having  to  utter  these  sentlaents. 

I  have  gone  as  far  as  I  have  in  this  soanty  discussion 
of  the  well-known  formidable  difficulties  in  the  way  of 
scientific  study  of  industrial,  econo ale,  Military  and  socio¬ 
logical  problems  in  order  to  pave  the  way  for  an  enumeration 
of  some  of  the  basic  requirements  for  research  in  the  area  of 
simulation.  These  are: 

1.  An  understanding  of  the  nature  and  objectives  of 
models  of  the  physical  world,  which  is  to  say,  a 
knowledge  of  solcntlflo  philosophy. 

2.  An  understanding  of  tho  nature  and  objectives  of 
models  of  the  areas  named  above,  which  is  to  say, 
a  knowledge  of  philosophy. 

3*  A  versatility  and  breadth  of  training  which 
enables  one  to  cut  across  diverse  fields  and 
construct  useful  models  of  reallstlo  processes. 
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4.  An  ability  to  analyse  and  lntarprat  tha  results 
obtained  from  tha a*  models  against  a  still 
broader  background. 

If  you,  the  listener,  interrupt  to  say  that  this  sounds 
like  a  "powerful  lot"  of  requirement,  I  will  retort  that  no 
one  ewer  said  that  these  problems  were  slap la,  or  that  they 
had  siaple  answers. 

Agreeing  that  a  great  deal  is  required,  let  us  ask  where 
people  possessing  these  qualities  are  to  be  found,  and  before 
being  found,  to  be  trained. 

It  la  dear  that  the  university  Is  the  natural  breeding 
ground  for  these  paragons.  Let  us  now  examine  why  It  is  that 
they  have  failed  dlsnally  to  produoe  professional  TjUjE' 

the  proper  training,  and  why  the  situation  will  get  worse 
before  It  gets  better. 

I  hope  that  I  do  not  doounent  this  thesis  too  well,  since 
I  would  certainly  prefer  to  be  wrong  rather  than  to  be  right. 
Furthermore,  it  Is  a  fine  controversial  theory,  both  in  and 
out  of  aoadenlo  circles,  and  It  would  be  a  shame  to  destroy  It 
as  a  topic  of  conversation. 

Let  us  turn  to  the  subject  of  scientific  philosophy,  s 
domain  I  will  rather  arbitrarily  delimit  as  ths  study  of  the 
construction,  analysis  and  interpretation  ef  qualitative  and 
quantitative  models  of  the  physical  world.  Tagus  as  these 
terms  are,  they  provide  a  sufficient ,  intuitive  basis  for  our 
subsequent  discussion. 


p- 

ia-i 

What  is  regrettably  leaking  In  th«  tt*lttntlflo  training  of 
our  universities  is  a  prop«r  spirit  of  humility.  Ths  impres- 
•ion  is  somehow  transmitted  that  we  posasss  tha  keye  to  th« 
unlTorso.  It  is  lntorosting  to  soo  bow  far  ono  has  to  travel 
bo for*  It  is  realized  that  Ohm's  law  is  an  approximate  rosult 
valid  only  In  th«  ease  of  not  too  high  frequency,  that  Nttwton's 
laws  of  action  aro  not  laws,  and  that  tha  Sohrd dinger  equation 
is  not  an  axiom  of  nature.  Iron  to  this  vary  day,  despite  all 
the  evident  absurdity  of  the  selentlfie  dogaatlsa  in  the  past, 
there  are  still  soae  who  aalntain  the  eternal  verity  of  the 
Uncertainty  Prlnolple. 

Ono  rosult  of  this  rather  pathetic  obduracy  is  that  the 
average  graduate  student  in  the  sciences  Is  led  to  believe 
that  the  mathematical  models  already  in  existence  are  true, 
whereas  models  in  now  areas  of  physios  are  only  approximate. 
Concerning  models  in  the  social  solonees,  he  has  only 
contempt* . 

This  rigidity  of  outlook  Is  hardly  conducive  to  effective 
analysis  and  research  in  new  areas.  KLnsteln  in  his  brief 
autobiographical  sketch  oo meats  bitterly  that  the  school 
instruction  he  received  almost  ruined  him. 

Only  by  a  continued  study  of  the  hlete^y  of  solenoe  can 
we  understand  the  development  of  new  ideas.  Only  by  appreoi- 
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See  the  interesting  pepsr  by  Helmer  end  Rescher,  The 
molofy  of  the  Inexact  Sciences.  The  lAMD  Corporation, 
or  F-15I3,  X955J  for  a  further  diaouseien  of  this  point. 


let 
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atlng  the  struggle  of  what  la  by  now  olaaale  to  eaherge  lata 
the  light  eaa  the  student  understand  what  research  requires, 
the  presentation  af  aathoaatlcal  a nd  physical  thaorlaa 


Thla,  however,  la  tha  usual  way  tha  aalaaaaa  are  prceantad 

in  our  aohaola.  ncthenatlea,  of  course,  auffara  area  wars 
horribly  froa  thla  type  of  pedagogy.  Thera  la  even  a  strange 
group  o ailed  tha  Bourbakl/  who  boaat  of  elial noting  all 
aotlvation,  all  oaataet  with  tha  real  world* 1 

Ho  theory  can  exist  without  foots.  There  a re,  however, 
so  aany  foots,  so  aany  eluea,  that  without  tha  help  of  logleal 
trloka  for  seleotlng  and  storing  fasts,  a  scientist  be 00 ass 
little  better  than  a  technician.  This  collection  af  logical 
tricks  is  the  substance  ef  scientific  philosophy. 

Consider  now  the  doaaln  of  tha  social  sciences.  One  af 
the  aost  pernicious  fables  Muddying  the  acadslc  doaaln  Is 
that  of  a  hierarchy  of  intellectuals.  The  aatheaetl elans,  in 
this  fictitious  ranking,  are  at  the  ounalt,  fallowed  closely 
by  the  theoretical  physicists,  next  the  experimental  physicists, 
then  the  ohenlsts,  and  then  the  engineers.  On  tha  fringe  af 
solenoe,  there  are  the  biologist,  and  below  are  tha  escorted 
social  scientists.  This  Is  a  pleasing  fancy— to  asst 
aatheaatlolans— and  what  Is  rather  sad  Is  that  the  social 

Incidentally,  tha  focal  point  of  this  Infection  is  net 
too  far  froa  where  I  speak. 
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selwitlsts  by  and  large  believe  this  mbmqm.  Bans*,  their 
attempt  te  drees  their  subjects  with  ss  aueh  mathematics  as 
passible . 

there  are  many  frightening  sspeots  to  this  snobbery.  In 
the  first  plaoe,  it  has  the  effect  of  turning  out  s  number  of 
robot  asthsastlolsns ,  robot  physicists,  sad  robot  engineers 
who  hare  ns  interest  in  huasn  values.  In  s  world  in  conflict 
over  huasn  values,  to  have  these  suteasts  spewed  out  by  the 
universities  year  after  year  is  a  serious  aatter. 

ghat  is  even  worse  is  that  these  "scientists"  have  the 
impression  that  the  problems  of  the  social  scientists  are  on  a 
lower  level  than  these  of  quantum  electrodynamics,  and  hence 
easier.  Warn  nothing  could  be  wore  mischievously  false.  The 

subject  the  easier,  regardless  of  super¬ 
ficial  mathematical  complexities;  the  mere  qualitative,  the 
more  human,  the  more  difficult. 

It  is  hard  to  Imagine  how  one  oan  commit  a  acre  grievous 
mistake  than  to  enter  a  more  difficult  area  with  the  fixed 
impression  that  it  la  a  siller  area. 

These  misconceptions  oeuld  be  corrected  in  part  or  in 
whole  by  some  emphasis  upon  history,  economics,  psychology, 
or  what  are  cowsonly  called  the  life  sclenoes .  Primarily, 
what  Is  required  is  a  basic  knowledge  of  philosophy.  Wf  this 
I  do  net  mean  the  twaddle  that  masquerades  under  this 
honorable  name,  the  pap  that  is  poured  down  our  throats  in 
oellege  that  would  certainly  repel  any  honest  man.  Nor  do  I 
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—an  the  ancestor  worship  that  allows  Plato  still  to  sscupy  an 
ho  no  rod  position.  Rather  I  —an  a  grounding  In  ths  basle 
objectives  of  a  cultured  and  civilised*  hu— n  being,  those 
beacons  which  enable  us  to  chart  our  ao ureas  over  the  troubled 
seas  of  modem  existence. 

Although  answers  to  — ajr  of  the  basle  questions  are  la— 

*  •  '  — < 

|l4Mi«  a  eery  awareness  of  the  existence  and  slgnlfleanoe  of 
the—  problems  la  a  good  step  towards  their  —  lutlon. 

The  scientist  untutored  in  the—  — tters,  biased  and 
arrogant,  is  hardly  the  person  to  —  nstruot  —dels  of  the 
complex  processes  of  social  Interaction.  On  the  other  hand, 
the  —  cial  scientist  trained  In  the  p— ede-so le— e  that  drips 
over  the  edges  of  the—  domains.  Is  hardly  —  mpetent.  Me 
desperately  — ed  a  blending  of  the  best  of  all  Intellectual 
disciplines,  an  eclectic  training  that  will  enable  us  to 
approach  these  proble—  that  are  unaware  of  artificial 
barriers. 

let  the  narrow  parochialism  of  the  modem  university— oh. 
Ironic  title  I— hardly  allows  this.  Ths  eqphasle  upon  facte 
rather  than  Ideas,  upon  subjsots  rather  than  proble— , 
off—  tlvely  rules  out  the  "syste— "  approach  —  essential  In 
the  study  of  any  significant  situation. 

It  la  —ay  to  continue  tearing  into  the  present  university 
system.  But  there  le  no  point  In  doing  —  unices  so— 

~  * Contemporary  history  teaches  us  that  thsrs  need  be  — 

correlation  between  the—  qualities. 
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ooastrvetlve  criticise  it  also  node. 

bhy  is  there  so  auch  decadence  sad  dry  rot  la  tbo 
university  systea?  Could  it  Os  bsoauss  too  university  is 
staff sd  by  sad  large  bj  psopls  oho  bats  sad  reject  lifo? 

Osuld  it  bo  that  assy  vital  psopls  who  polish 
•f  ths  sutsids  world  srs  in  turn  rspsllsd  by  tbs  asaastloisa 
sad  forosd  sssstisisw  of  ths  uni  varsity?  I  think  that  this 
explains  wash  of  it. 

lbs  fallaey  of  having  ths  young  idoslists  of  a  dynaale 
aooioty  trainsd  by  thsos  who  rspudlsts  thoso  vary  dynasdo 
asposts  hardly  nsods  slabs ratine  Ibis  situation  porpstuatss 

it as If  In  ths  fora  of  studoats  aping  ths  asst or.  Ths  rssult 
is  a  oontinusd  and  growing  oloavags  with  rejection  and 
rosontawnt  lnorsaslng  on  both  sldss. 

lbs  curs  is  not  difficult.  It  lias  in  blood  transfusions 
in  both  directions.  Ths  doors  of  our  soolsty,  tho  politician, 
tho  buslnssaaan,  ths  industrial  scientist,  ths  engineer,  must 
participate  in  undergraduate  and  graduate  education .  They 
aust  explain  their  probloas  and  their  goals,  their  operational 
techniques  and  their  solutions— la  short,  their  philosophy. 

Reciprocally,  the  university  faculty  aust  be  forced 
willy-nilly  into  the  glare  of  sunlight  to  participate  in  the 
probloas  of  their  soolsty.  It  is  hors  that  the  ffcgpi g* 
corporations  and  gevomaont  bureaus  and  laboratories  can  play 
a  vital  role. 

Vo  are  engaged  in  a  battle  of  survival,  our  way  of  life 
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afalnat  other  wajra  of  Ufa,  in  whlah  tha  seat  pa teat  bullata 
ara  ballota.  ttaleaa  wa  sake  quite  aura  that  ear  awn  aide 
understand*  alearly  and  riridly  what  aur  fundamental  ahjaatiaaa 
ara,  haw  oaa  wa  aaaTiaea  any  ether  elder 


